Abstract The present work investigates the long-term effects of human intervention on groundwaters based on the determination of natural background levels (NBLs) and threshold values (TVs) for groundwater electrical conductivity, chloride, ammonium, sulphates and nitrates. The methodology adopted is the one proposed in the 6th
Introduction
According to the Article 3 (5) of the EU Groundwater Directive (GWD) (GWD 2006/118/EC), EU Member States were obliged to establish groundwater threshold values (TVs) by the end of 2008 and to publish them in the EU Water Framework Directive (WFD) (WFD 2000/60/ EC) river basin management plans. Moreover, they should have provided a summary of the information set out in Part C of Annex II of the GWD. This information focuses on the groundwater bodies characterized as being at risk, and includes among others the relationship between the threshold values and, in the case of naturally occurring substances, the observed natural background levels (NBLs).
Although the GWD does not provide any specific methodology for TVs, determination and member states are flexible regarding their choice of method of TVs estimation, some common guidelines are provided in the frames of the Common Implementation Strategy (European Commission 2009) of the WFD. Two previously conducted EU projects dealt with the methodologies of NBLs and TVs determination. The EU project BaSeLiNe (5th Framework Program), carried out by the institutions from 12 European countries, provided guidelines for the groundwater background quality reference determination (BaSeLiNe 2004) . The EU research project ''BRIDGE'' (6th Framework Program) developed and tested a methodology for the derivation of groundwater threshold values to support the development of a common methodology for EU Member States. The various different approaches in the process proposed for defining groundwater TVs are described in the Publishable Final Activity Report of the BRIDGE project (BRIDGE 2009 ). Based on this methodology, groundwater threshold values are assessed based on the environmental quality standards regarding groundwater as (1) a resource, (2) groundwater 'itself' or (3) an ecosystem. In the first case, i.e. groundwater as a resource, groundwater should be protected in order to sustain certain uses such as drinking water or irrigation water. On the contrary, the second case recognizes the fact that groundwater should be protected against degradation regarding it as an additional receptor at risk. The third case goes beyond the WFD and regards groundwater as an ecosystem, for which only little scientific knowledge is available. Therefore, it is accepted that further research on this topic is needed (Danielopol et al. 2003; Hose 2005; Hinsby et al. 2008) .
Several applications of TVs establishment are recently presented (Preziosi et al. 2010; Marandi and Karro 2008; Rosca et al. 2008; Thorling et al. 2008) , revealing the interest of the scientific community on this aspect. As the estimation of groundwater TVs requires the determination of NBLs as well, an appropriate methodology for NBLs derivation should also be adopted prior to TVs estimation. Most approaches that are found in the relevant literature concerning groundwater NBLs assessment (Edmunds et al. 2003; Hernandez-Garcıa and Custodio 2004; Walter 2008) are based on the use of probability distribution functions. Within BRIDGE project, a data pre-selection process ) is used before NBLs calculation, in order to exclude from computations samples that are influenced by human activities.
The present work was conducted within the frames of the EU 7th Framework Program project ''GENESISGroundwater and Dependent Ecosystems: New Scientific and Technical Basis for Assessing Climate Change and Land-Use Impacts on Groundwater Systems'' (http://www. thegenesisproject.eu), which aims at providing the methodologies and tools in order to determine the impacts of climate and land-use changes on groundwaters and their dependent ecosystems. The developed results and tools are tested at 16 different field sites in order to assess their applicability to different groundwater systems all over Europe. Vosvozis river basin is one of the 16 Genesis test sites, located in north east Greece, and is part of the Rhodope Regional Unit where the present study focuses on, in order to assess groundwater NBLs and TVs. The study area incorporates two distinct subareas: the first one can be safely regarded as a pristine area where NBLs are calculated from, whereas the second subarea is an intensively cultivated area for the last 40 years which is also subjected to saltwater intrusion. Calculation of NBLs and TVs revealed the impacts of human activities on groundwater. As no TVs have been established by the regional water authorities in Greece up to now, the present work can be regarded as an initial attempt to establish TVs and to determine the chemical status of groundwater in the study area.
Materials and methods
The methodology for the derivation of groundwater TVs proposed by BRIDGE project Hart et al. 2006 ) provides a tiered, i.e. a stepwise approach based on the type of groundwater receptor considered. Based on the Publishable Final Activity Report of the BRIDGE project, the WFD and the GWD, receptors are outlined as: (1) aquatic ecosystems (surface water quality and ecology), (2) dependent terrestrial ecosystems (plants, vegetation), (3) drinking water supply, (4) other legitimate uses (e.g. irrigation or crop washing) and (5) groundwater. In the case where dependent ecosystems are considered as groundwater receptor, TVs for groundwater bodies are based on the environmental quality standards for those dependent aquatic ecosystems and are derived at the following four tiers ):
• Tier 1: If average pollutant concentration \ NBL then TV = NBL, and groundwater body has good status.
• Tier 2: If average pollutant concentration \ environmental quality standard then TV = environmental quality standard or NBL, and groundwater body has good status.
• Tier 3: If average pollutant concentration \ environmental quality standard/dilution factor then TV = environmental quality standard/dilution factor, and groundwater body has good status.
• Tier 4: If average pollutant concentration \ environmental quality standard/(dilution factor 9 attenuation factor) then TV = environmental quality standard/ (dilution factor 9 attenuation factor), and groundwater body has good status.
According to the WFD 'environmental quality standard' means the concentration of a particular pollutant or group of pollutants in water, sediment or biota which should not be exceeded in order to protect human health and the environment.
In cases where average pollutant concentration [ environmental quality standard, the groundwater is of poor status unless it can be evidenced that dilution and attenuation reduce the average pollutant concentration to a level below the environmental quality standard (Tiers 3-4), i.e. even if average pollutant concentration [ environmental quality standard, the groundwater may still be of good status depending on the effects of dilution and attenuation in the groundwater body. However, dilution and attenuation factors are not always known; therefore, they are set to 1 in order to provide optimal environmental protection ).
In the case where groundwater is considered as receptor 'itself', TVs are derived by the two following tiers:
• Tier 2a: If average pollutant concentration \ TV derived by the procedure described above, then the groundwater body has good status.
After TVs are determined, they are used to assess the status of each single monitoring point. As it can be concluded from the above provided information, TVs are estimated based on the NBLs and the environmental quality standards based on the human and environmental protection level, which will be referred to as 'reference values'. Therefore, the estimation of NBLs is of primary importance and a pre-requirement of the proposed methodology.
As mentioned by Edmunds et al. (2003) and Edmunds and Shand (2008) , NBLs are a range of values rather than single values. This range may vary several orders of magnitude depending on aquifer type and location of the aquifer. Edmunds et al. (2003) states that many ways for the estimation of the background value ranges may be used, e.g. use of the mean and standard deviation, the total range in values, or by providing minimum and maximum baseline concentrations after outliers are excluded. According to Edmunds et al. (1987) , the upper baseline should be defined using the 95th percentile, whereas Langmuir (1997) suggests the 97.7th percentile (mean ? 2-sigma). Müller et al. (2006) , Hinsby and Condesso de Melo (2006) as well as Hinsby et al. (2008) suggest that based on the data amount and quality the 97.7th (when a large data set exists, e.g. C60 points, and all monitoring points represent a groundwater with natural composition) or 90th percentiles (small data set, e.g. \60 points or where human effects cannot be excluded) should be used as the NBL.
In order to exclude samples influenced by the human activities, pre-selection criteria are proposed which are summarized as follows Hinsby et al. 2008 ):
Samples with incorrect ion balance are excluded (exceeding 10 % or the ratio of sum of anions to sum of cations to be within 0.9-1.1). The deviation of up to 10 % in the ionic balance is commonly used by other researchers that conducted analogous studies, e.g. Preziosi et al. (2010) and Hinsby et al. (2008) . Sample locations with median NO 3 -concentration [10 mg/L are indicative of human effects and should also be excluded. Anaerobic samples (defined as O 2 \1 mg/L) should be examined separately. Time series at each monitoring point are converted to median values. According to Edmunds et al. (2003) , the use of the median value is preferable to the mean as it is much less affected by outlying values. Brackish waters or those related to hydrothermal activity are excluded and examined separately.
The final BRIDGE methodology suggests deriving TVs for the following two cases (scenarios), which were applied in our study area as well:
• Case 1: NBL/reference value \ 1, then TV = (NBL ? reference value)/2 • Case 2: NBL/reference value C 1, then TV = NBL In the present work, two types of groundwater receptors are considered: (a) groundwater 'itself' and (b) groundwater dependent ecosystems.
Study area
The study area, shown in Fig. 1 , is Rhodope Regional Unit located in Thrace (north Greece) and covers an area of 2,545 km 2 with a population of 110,000 inhabitants (Greek National Statistical Service 2001). It borders to the north with Bulgaria, whereas its south border is the Thracian Sea. From the geomorphologic point of view, the northern part is a mountainous area, occupied by Rhodope mountain chain, whereas the southern part is a plain area with flat and hilly to semi-hilly relief (Fig. 1) . The northern part is a remote under populated area, which has remained undeveloped for various reasons (political, geographical, etc.) and is almost entirely covered by the forest (pine trees, oaks, planes). The area of the mountainous part is *1,165 km 2 with a population estimated from 5,000 to 7,000 inhabitants. Human activities in this part of the study area comprise very mild cattle breeding and woodcutting activities. Based on the data provided by the Regional Authority of Eastern Macedonia and Thrace in this part of Rhodope, 406.6 km 2 are designated as pasture where 34,674 animal units are found (one animal unit corresponds to either 1 cow or 6.6 sheep or goats). Thus, 11,726 m 2 of pasture land correspond to one animal unit or 33,600 m 2 in Rhodope Mountain serve one animal unit (dividing the total mountainous Rhodope area and not only the pasture land by the animal units). Moreover, logging activities are prohibited to private individuals, whereas the Forest Agency felled during 2010 and 2011, 10 and 12 km 2 of forest, respectively, which correspond to an area of *1 % of this mountainous part. Thus, this part of Rhodope area can be considered as a pristine area where groundwater NBLs can be estimated from. This is also evidenced by the groundwater quality as indicated by the chemical analyses provided (see electronic supplementary material).
The southern part of the study area, is a typical plain agricultural area, intensively cultivated for the last 40 years. The administrative centre of the Regional Unit, i.e. Komotini town, is located within this part of the study area. Besides the agricultural land uses which prevail in this area, there are also some mild industrial and urban land uses. The coastal part of Rhodope is characterized by the presence of many coastal lagoons and their surrounding wetland areas, which form important ecosystems and should be protected according to the Greek law, EU conservation policies or international treaties, such as the Ramsar Convention of 1971.
From the geological point of view, the northern mountainous part is occupied by old metamorphic rocks of the Rhodope massif. Those rocks comprise two distinct geological units: the gneissic unit and the marble-amphibolite unit, both of Palaeozoic age (Kilias et al. 1999) (Fig. 2) . Within those formations, various igneous rocks of Mesozoic and Tertiary age are found. Since the above-mentioned rocks have been affected by pre-alpine tectonics as well as by alpine deformation during Tertiary times, they appear to be faulted and fractured, forming thus fractured aquifers which are evidenced by the presence of various springs. Until now, no major ore deposits are reported in this area of Rhodope Mountains.
The southern part of the study area is characterized by the presence of Quaternary alluvial deposits, Plio-Pleistocene formations and the Eocene-Oligocene molasic unit. The alluvial deposits consist of loose coarse sediments mainly sands, gravels and silts; the Pleistocene sediments comprise mainly marls, whereas the Pliocene sediments consist of a clay layer which forms its lower part, overlain by intercalations of coarse grained sediments, mainly sands and silty sands, and marly limestones. The molasic unit consists of a basal conglomerate and intercalations of marls, clays, sandstones and volcanic products.
From the hydrogeological point of view, the most proliferate formations are the Pliocene and Quaternary formations which form the main sources of water both for domestic and for agricultural use, as evidenced also by the presence of numerous productive wells concentrated in those two formations. The Pliocene aquifer is found in the eastern part of Vistonis Lagoon and it extends to the east up to Vosvozis River and Ismarida Lake. Kallioras et al. (2006) provided the conceptual model of this aquifer, based on which the system is characterized by the presence of a lower confined aquifer overlain by an unconfined one, which is mainly observed across the coastline and within a few kilometres from the coast. Overexploitation of the aquifer system for many years for irrigation needs, without any water resources management plan led to groundwater level drawdown with a consequent saltwater intrusion both from the sea front as well as from Vistonis Lagoon, which is in constant interaction with this aquifer system. Kallioras et al. (2006) conducted a detailed hydrochemical study for this specified aquifer system and concluded that salinization is due to direct seawater intrusion (south part) and saline water entering from Vistonis Lagoon (western part) and to a much lesser extent due to entrapped saltwater which is only locally observed. The Quaternary aquifer is a semi-confined one with a thickness of 50-100 m. Its southern part is occupied by Ismarida Lake and its surrounding wetland area. Ismarida Lake is a fresh water ecosystem during rainy season (i.e. October-May), whereas during summertime it is transformed to a mixed fresh water-saltwater system due to sea water intrusion, where complex interactions among surface water, sea water and groundwater are taking place (Gemitzi and Stefanopoulos 2011) . In their work, Gemitzi and Stefanopoulos (2011) conducted time series analyses in order to clarify the complex interactions of the various water bodies in the southern part of this aquifer and concluded that Ismarida Lake is the main source of salinity of this aquifer. Furthermore, isotopic analyses for d 18 O and d 2 H conducted within Genesis project (unpublished data) in this aquifer showed that groundwater is isotopically enriched, i.e. it is of relatively new age, confirming thus that its salinity is not due to relic water from previous geological periods (e.g. from the last Holocene transgression), but it is a recent phenomenon.
In order to highlight the areas in the coastal part where salinization or freshening takes place the base exchange index (BEX) was calculated (Stuyfzand 1993 (Stuyfzand , 1999 (Fig. 3) . A positive BEX index indicates freshening of groundwater, whereas a negative one is an indicator or salinization. The spatial distribution of the locations where BEX index is negative indicates three groups. The first two within the Pliocene aquifer, i.e. in the coastal zone between Vistonis Lagoon and Ismarida Lake and south west of Egiros, whereas the third group is close to Neon Sidirochorion. The last two groups coincide with the aquifer parts where most of abstractions for irrigation are taking place. The aquifer bodies formed within the coastal plains of Rhodope are recharged by the direct infiltration of precipitation and also by water coming from the northern mountainous part as lateral inflows through the main E-W graben faults (see Fig. 2 ) or as infiltration from the rivers which are hydraulically connected to the aquifers. All rivers in Rhodope area source from the mountains in the northern part (Fig. 1) ; therefore, river water may well be considered as having its origin in this part of the study area as well. Consequently, it can be concluded that groundwater in the aquifers formed within the southern part is a mixture of precipitation and water coming from the northern area, while in the coastal part sea water is also taking part in this complex interaction. Taking into account all the above provided information, it can be concluded that groundwater quality in the northern pristine part of the study area can be considered as the quality prior to any influence from human activities and is representative of the natural background composition.
Computations
Natural background level assessment
NBLs for NH 4
? , Cl -, SO 4 2-, NO 3 -and electrical conductivity (EC) were computed based on the methodology described above. All those substances except NO 3 -are included in the minimum list of pollutants of the GWD for which member states have to consider establishing TVs. NO 3 -is not included in this list; however, it is a serious threat for groundwater in the study area and therefore the determination of its TV is essential.
As already mentioned, NBLs were derived from groundwater samples of the pristine mountainous area. The data set comprised 96 groundwater monitoring sites, which were sampled up to 4 times during the years 1996-1997 Figure 4 shows the Piper diagram with the groundwater chemical composition of the median values of the 95 sampled locations. From this diagram, it can be assessed that most of the groundwater samples are of alkaline-earth bicarbonate type. As the data set comprised 95 points with natural background composition, it is safe to set NBLs to the values defined by the 97.7th percentile. Figure 5 shows cumulative frequency diagrams of the examined groundwater elements. Table 1 shows statistical parameters of the groundwater samples used for NBL derivation.
In the coastal plains of the study area, 148 monitoring points were sampled twice during 2010, i.e. at the end of dry season and rainy season (Fig. 1) . As there are only few observation boreholes in the study area, monitoring sites correspond to productive boreholes, either for irrigation or for domestic use. As well screens are installed at different aquifer layers and there was no way to isolate specific layers, the water samples taken cannot be regarded as representative of a single aquifer layer. Instead, they are considered to be mixtures of water from different depths of each borehole. Consequently, no conclusions can be reached regarding each single aquifer layer, but results should be regarded as applicable to the whole aquifer system examined. Since there are only two observations for each location point, their mean was calculated, which were used for the determination of the groundwater chemical status. Figure 6 shows the Piper diagram with the groundwater chemical composition of the 148 sampled locations in the plains of the study area. According to this diagram, most of the water samples are of alkaline-earth chloride-sulphate water type and alkaline-earth bicarbonate water type, whereas a distinct clustering of samples in the upper right side of the diamond diagram corresponds to chloride-sulphate water type from samples in the coastal zone. On comparing Figs. 4 and 6, the major alteration of groundwater chemistry from its natural background composition is seen as the initial water type of alkaline-earth bicarbonate, shown in Fig. 4 as a cluster of points in the left and middle part of the diamond diagram, is now transported to the central and upper right part of the diamond diagram shown in Fig. 6 , which is mainly caused by the increased chloride values. As mentioned in the previous section, in the coastal zone, intense saltwater intrusion is observed and complex interactions among various water bodies take place where groundwater interacts with sea water and the coastal wetland area. Saltwater intrusion is to some extent of natural origin. However, in the study area it is aggravated due to over exploitation of the coastal aquifers. It is true thus that assessment of TVs, especially for EC, Cl -and SO 4 2-, whose value is known to be affected by seawater intrusion, for this area based on the NBLs is not a realistic approach. The degree of natural saltwater intrusion and the degree of human impact is very difficult to be determined. Therefore, it was considered to examine the data set for the coastal zone and detect the areas with increased salinity, which at the same time demonstrate serious groundwater level drawdown in combination with increased NO 3 -concentration. Those factors indicate human effects. This time, however, the NO 3 -threshold of 10 mg/L appeared very restrictive for this specific area as it would exclude the majority of coastal monitoring locations. Thus, as proposed by Preziosi et al. (2010) , the NO 3 -threshold was set to 50 mg/L. The monitoring points in the coastal zone with justified human impacts (monitoring sites within red circle in Fig. 7 ) are then excluded from consideration and updated NBLs for EC, Cl -and SO 4 2-are provided based on the rest of the coastal points, which can then be used as proxy for TVs assessment in the coastal area. In that way, 20 coastal monitoring sites were left in order to compute updated EC, Cl -and SO 4 2-NBLs for the coastal zone, using the 90th percentile of the data set. Those are assumed to incorporate also the impact of saltwater intrusion which is not included in the NBLs calculated from the northern pristine area, as no such process is taking place there and consequently the assignment of TVs, especially for EC, Cl -and SO 4 2-, based on NBLs from the pristine area would be too restrictive. The 90th percentile was used this time as the data set comprised \60 points and human impacts could not be entirely excluded . As NH 4
? and NO 3 -are not influenced by saltwater intrusion, they were not considered in the process of updating NBLs and their NBLs remained as initially computed. Figure 8 shows cumulative frequency diagrams for EC, chloride and sulphate for the coastal zone. Table 2 shows statistical parameters and updated NBLs for this specific area. Regarding the NBLs provided in Table 2 , the NBLs computed for EC and chloride seem to be very high.
Regarding EC values and comparing the computed NBLs in Tables 1 and 2 , it is seen that EC NBL is much higher in Table 2 ; however, it is within the European drinking water standards, which pose an upper EC value of 2,500 lS/cm. As far as chloride NBL is concerned and taking into account the classification provided by Stuyfzand (1989) , on the basis of chloride concentration, the water with chloride concentration between 300 and 1,000 mg/L is classified as brackish. Additionally, European drinking water standards require a maximum chloride concentration of 250 mg/L. Thus, chloride TV that will be estimated using NBL from this coastal plain will probably be above European drinking water standards and consequently other uses of water should be expected for this specific part, e.g. irrigation. An interesting study on the impacts of salinity on natural vegetation in coastal wetlands is presented by Antonellini and Mollema (2010) . They examined the coastal pine forests and wetlands of Ravenna in Italy and concluded that species richness is adversely affected by high groundwater salinity; however, they are relatively tolerant to salinity vegetation species, such a pine trees. They also found that shallow water table influences negatively the health of pine trees, whereas on the other hand it promotes biodiversity, which is an issue that should be taken seriously into account by decision makers while managing such fragile ecosystems.
TVs derivation using reference values for groundwater itself
The BRIDGE methodology emphasizes on the groundwater receptor considered in order to choose the regulatory level, i.e. NBL in the case of groundwater is the receptor or some kind of environmental quality standards in case where receptor is a dependent ecosystem. Hinsby et al. (2008) used the EU drinking water standards as the reference value while estimating TVs for groundwater 'itself'. They indicated that EU drinking water standards are currently the most well established reference values in Europe, and there are no environmental quality standards for groundwater ''itself'' established so far.
In the study area, along with groundwater use for irrigation, considerable use of groundwater for drinking water takes place in the plain part; therefore, NBLs with EU drinking water standards can be used as a proxy for TVs estimation. The third and fourth lines of Table 3 show the computed TVs for groundwater 'itself'.
TVs derivation using reference values for groundwater dependent ecosystems
It should be noted, herein, that because of the interaction of groundwater at the coastal zone with the wetland area, groundwater receptors could alternatively be considered the protected coastal lagoons. Although those dependent ecosystems are protected by national and international treaties, no environmental quality standards are set; therefore, reference values could be set either based on their use for aquaculture or using internationally accepted guidelines. The EU Directive (2006/44 EC) on the quality of fresh waters needing protection or improvement in order to support fish life, provides a list of substances together with indicative and mandatory limits. From the list of substances examined within the present work, only ammonium is included in the Directive 2006/44/EC, with a mandatory value set to B1 mg/L both for salmonid and cyprinid waters, which was used as reference value for ammonium In the present case and because of the fact that the coastal lagoons in the study area demonstrate a mixed character (freshwater during winter and marine during summertime when seawater enters the wetland area) the reference value for nitrates was set to 16 mg/L NO 3 -. For the rest of the substances examined, i.e. EC, chloride and sulphate reference values were left the same as in the previous case, i.e. groundwater 'itself'. The last two rows of Table 3 presents the TVs as determined for groundwater dependent ecosystems.
Results and discussion
In order to assess the quality status of groundwater, each sampling location was compared to the estimated TVs, both in the case where reference values were set for 'groundwater itself' and in the case where reference values were set based on dependent ecosystems. For the purpose of defining areas where specific groundwater quality problems are observed, comparison with TVs was made using the Geographic Information Systems software MapInfo ver. 10. Figures 9 and 10 show the associated thematic maps for each examined constituent. Figure 9a -e correspond to reference values for 'groundwater itself', whereas Fig. 10a and b correspond to reference values based on the dependent ecosystems which in the present work are the lagoons in the coastal wetland area. Based on this analysis, in the case of receptor considered 'groundwater itself', 60 out of the 148 monitoring locations in the south plains exceeded EC TV, 78 locations exceeded chloride TV, 25 locations exceeded sulphate TV, 9 locations exceeded ammonium TV and 27 exceeded nitrate TV. In the case where dependent ecosystems were considered as groundwater receptor, 3 locations exceeded the established TV for ammonium, whereas 61 locations exceeded nitrate TV. The rest of the examined constituents remained the same as in the case of 'groundwater itself' as there are no limits set for those substances in the case of dependent ecosystems. It should be mentioned, herein, that in the northern mountainous part, only 1 out of the 95 monitoring locations exceeded sulphate TV.
Examining the spatial distribution of the locations where each specific substance exceeds the established TV, the following conclusions can be extracted:
• EC exceeding locations (Fig. 9a ) are observed only throughout the plain area. No monitoring sites in the northern mountainous part exceed groundwater EC TV. In the coastal part, they are mainly observed in the coastal area where human intervention is evidenced (Fig. 9) indicating that increase of groundwater EC in this part is due to overpumping of the aquifer system. Comparing Figs. 3 and 9a, it can be seen that EC exceeding locations almost coincide with those of negative BEX index, i.e. where poor freshening of groundwater is indicated. Additionally, the increased chloride concentration in this area in combination with the increased TV estimated for the coastal zone, in order to account for the natural aspect of the saltwater intrusion phenomenon, confirms the fact that the coastal aquifer is subjected to saltwater intrusion due to human activities. Increased EC values in the rest of the plains can be attributed to factors other than saltwater intrusion, such as discharge of treated and untreated wastewater in rivers, farm drainage and uncontrolled landfills that operated in the past.
• Ammonium exceeding locations (Fig. 9b) are only observed in the central plain part, close and parallel to Vosvozis River. Since in this part many livestock farms are located, it can be assumed that increased ammonium values are mainly due to the infiltration of waste waters form these farms to the groundwater system. • Chloride (Fig. 9c) demonstrated the most exceeding locations compared to the rest of the examined substances. Therefore, its contribution to the deterioration of groundwater quality in the plain part should be seriously taken into account. The spatial distribution of chloride exceeding points is almost identical to the spatial distribution of EC exceeding points, leading to the conclusion that these two parameters are controlled by the same factors, i.e. saltwater intrusion, uncontrolled landfills and infiltration of treated and untreated waste waters which have high chloride concentrations due to the extended use of chloride as disinfectant.
• Sulphate exceeding points (Fig. 9d) whereas increased values are many times attributed to landfill operation or industrial activities (Venkatesan and Swaminathan 2009 ). In the coastal part of the study area, caution should be exercised while explaining exceeding of sulphate TV, as sulphate concentration in aquifers experiencing saltwater intrusion may decrease due to gypsum precipitation (Gomis-Yagues et al. 2000) . Based on this research, the requirements for gypsum precipitation are that the activities of sulphate and calcium are high enough to reach the solubility product of gypsum, which is not the case for all cases of seawater intrusion. In the present study area, however, no sulphate decrease in the coastal zone is observed. This is evidenced also by the fact that the updated sulphate TV, as estimated from samples in the coastal zone, is higher than the one for the rest of the plain area. Also, the fact that correlation of sulphate concentrations with respect to chloride concentrations is found to be 0.64, which does not provide a strong evidence for the origin of sulphates. However, taking into account the fact that sulphate exceeding locations are found mainly inland, it is assumed that sulphate in the plains is related to human activities (e.g. manure application) and not to saltwater intrusion. Only the eight exceeding locations found in the southern coastal area between Ismarida Lake and Vistonis Lagoon may be related to seawater intrusion.
• Nitrates exceeding points (Fig. 9e) are observed throughout the plain study area and they are related to agricultural drainage.
• Regarding the two different receptors considered, i.e.
'groundwater itself' and dependent ecosystems, ammonium exceeding points in the case of dependent ecosystems are much less due to the increase of groundwater ammonium TV for dependent ecosystems (Fig. 10a) . The opposite is observed in the case of nitrates, where regarding dependent ecosystems as groundwater receptors led to an abrupt increase (from 27 to 61) of points exceeding nitrate TV (Fig. 10b ). For both substances, i.e. ammonium and nitrate, no change in the spatial pattern of exceeding points is observed regardless of the receptor considered.
As a general remark, it should be added, herein, that in most cases where groundwater NBLs and TVs were determined in Europe, a problem that often arose was the lack of a pristine area which would offer the possibility to determine the natural background composition of groundwater. This led to the adoption of specific pre-selection criteria of the monitoring locations, which forces a high percentage of the data set to be excluded from the computations (Preziosi et al. 2010) . In the present work, the existence of a pristine area with sufficient number of groundwater chemical data, where human intervention is minimum, offered the chance to safely determine the natural baseline composition of groundwater and therefore indicate changes due to human intervention.
Conclusions
In the present work, it is attempted to determine the long term effects of human activities on the quality of groundwater in the Rhodope area located in Northern Greece. For this reason, NBLs for EC, chloride, ammonium, sulphate and nitrates were determined using groundwater chemical data from 95 locations in the northern pristine part of the study area. Groundwater TVs were estimated using the BRIDGE methodology in two different ways, i.e. considering groundwater 'itself' and considering groundwater dependent lagoons in the coastal part of the study area as receptors of groundwater. Furthermore, the established TVs were compared to groundwater monitoring sites in the study area. Based on this comparison, it was found that chloride is the most serious threat for groundwater in the study area, whose TV is exceeded in more than half of the monitoring locations. Nitrates also seem to be a serious threat, whereas the number of TV exceeding locations seems to vary greatly depending on the groundwater receptor considered. However, besides exceeding TVs in certain locations of the plain part, groundwater showed a serious alteration of its quality compared to its natural background composition. The spatial distribution of locations where increased concentrations of certain substances are observed indicates that the alteration of groundwater quality is mainly due to human intervention. The fact that EU (European Commission Staff Working Document 2010) requires that environmental objectives regarding groundwater quality should be achieved by 2015 reveals how urgent it is for Greece to set groundwater TV and assess the chemical status for groundwater bodies, which is a requirement before any mitigation measures are taken.
